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Abstract 

We reexamine the Af = I supersymmetric gauge theories with product gauge groups by 
adding the mass terms and the quartic terms for the flavors: two gauge group theory with 
fundamentals, bifundamentals and adjoints, three gauge group theory with fundamentals and 
bifundamentals, and their orientifold 4-plane generalizations. By moving the branes appropri- 
ately, we obtain the corresponding dual gauge theories. By analyzing the dual superpotentials, 
we present the type IIA nonsupersymmetric meta-stable brane configurations. 



1 Introduction 



The dynamical supersymmetry breaking in meta-stable vacua [H [2] occurs in the M = 1 
supersymmetric gauge theory with massive fundamental quarks. Further quartic deformation 
for the quarks in the superpotential [3|, H] also has lead to the supersymmetry breaking meta- 
stable ground states when the gravitational attraction of NS5-brane ^ is considered. It is 
known, in the construction of supersymmetric ground states or its type IIA brane configu- 
rations [6], that a number of gauge theory duals(magnetic theory) involving product gauge 
groups can be interpreted in terms of branes of type IIA string theory. The question for the 
dynamical supersymmetry breaking in meta-stable vacua in the simplest M = 1 supersym- 
metric product gauge theories which have both mass terms [H O El [9] and quartic terms [3l H] 
is answered recently in [10] when one dualizes the whole two gauge groups. 

Although a single gauge group theory with two adjoint fields, where the superpotential has 
order (A; + l) and {k' + \) for these adjoint fields, does not have dual theory correctly so far [TT] . 
the two gauge group theory with two adjoint fields as well as fundamentals and bifundamentals 
does have its dual description p2|. For k = 2 and k' = 1 case(i.e., two NS5-branes and one 
NS5'-brane), the meta-stable brane configuration for a single gauge group theory was found 
in [13] and for the k = 1 and k' = 2 case(i.e., one NS5-brane and two NS5'-branes), the 
meta-stable brane configuration for a single gauge group theory was studied in [H]. The 
type IIA brane configuration corresponding to two gauge group theory with fundamentals, 
bifundamentals and two adjoints was found in [15] some time ago and the brane configuration 
on triple product gauge group theory with fundamentals and bifundamentals was also studied 
by using the brane motion and linking number counting: the peculiar thing was the presence 
of full D4-branes ranging from = — oo to = cxd in the brane configuration without 
changing the linking numbers. 

In this paper, one reexamines these supersymmetric brane configurations [15] as well as 
their orientifold 4-plane generalizations and extracts the possible brane motions, during the 
dual process, for new meta-stable brane configurations, along the lines of [T6l [TTl [TS l [T9l [Ml [TO] . 
The common feature with the work of [10] and different feature with the previous works of 
[T6l [T71 [T8| [T9| [T^ is that one dualizes the whole product gauge groups, not a single gauge 
group. The order of NS-branes is reversed completely after duality. The geometrical positions 
of the branes and the creation of D4-branes, during the dual process, play the important role 
for removing the unwanted gauge singlets [20l [21] and selecting the wanted gauge singlets. 
The magnetic theories we obtained are different from the one [15] in the sense that the dual 
color numbers are different and the dual superpotentials have different form: some of the 
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gauge singlets do not appear and we add the mass terms and quartic terms for the quarks. 
These deformation terms are reahzed geometrically in type IIA string theory. 

In section 2, we review the type IIA brane configuration corresponding to the M = 1 
SU (Nc) X SU {N'^) gauge theory with fundamentals, bifundamcntals and adjoints and deform 
this theory by adding both the mass terms and the quartic terms for the fundamentals. The 
extra adjoint fields are realized by the multiple NS-brancs in brane configuration. Then we 
describe the dual A/" = 1 SU{Nc) x SU{N'^) gauge theory with corresponding dual matter 
as well as the gauge singlets. We discuss the nonsupcrsymmetric meta-stablc minimum by 
looking at the reduced dual supcrpotcntial and present the corresponding intersecting brane 
configuration of type IIA string theory. 

In section 3, we review the type IIA brane configuration corresponding to the J\f = 1 
S0{2Nc) X Sp{N'^) gauge theory with vectors, fundamentals, bifundamcntals and adjoints 
and deform this theory by adding both the mass terms and the quartic terms for the vectors 
and fundamentals. Then we describe the dual A/" = 1 S0{2Nc) x Sp{N'^) gauge theory with 
corresponding dual matter as well as the gauge singlets. We describe the nonsupcrsymmetric 
meta-stable minimum and the corresponding intersecting brane configuration of type IIA 
string theory which is nothing but the brane configuration of section 3 with the addition of 
04-plane. 

In section 4, we review the type IIA brane configuration corresponding to the A/" = 1 
SU{Nc) X SU{N'^) X SU{N") gauge theory with fundamentals, bifundamcntals and deform 
this theory by adding both the mass terms and the quartic terms for the fundamentals. Then 
we describe the dual J\f = 1 SU (Nc) x SU{N'J x SU {N") gauge theory with corresponding 
dual matter as well as the gauge singlets. We discuss the nonsupcrsymmetric meta-stable 
minimum from the reduced dual supcrpotcntial and present the corresponding intersecting 
brane configuration of type IIA string theory. 

In section 5, we review the type IIA brane configuration corresponding to the A/" = 1 
Sp{Nc) X S0{2N'^) X Sp{N'^') gauge theory with fundamentals, vectors, bifundamcntals and 
deform this theory by adding both the mass terms and the quartic terms for the fundamen- 
tals. Then wc describe the dual A/" = 1 Sp{Nc) x S0{2N^) x Sp{NI!) gauge theory with 
corresponding dual matter as well as the gauge singlets. We discuss the nonsupcrsymmetric 
meta-stablc minimum and present the corresponding intersecting brane configuration of type 
IIA string theory which is nothing but the brane configuration of section 4 with the addition 
of 04-plane. 

In section 6, we summarize the results of this paper and comment on the future directions. 
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2 SU{Nc) X SU{N[) with Nj-, iV}-fund., two adjoints, and 
bifund. 

2.1 Electric theory 

The type IIA supersymmetric electric brane configuration flbl [22l [23] corresponding to A/" = 1 
SU (Nc) X S"?/ (A^"^) gauge theory [12] with A'j-fundamental flavors Q, Q, A^j-fundamental flavors 
Q',Q', bifundamentals F,F and two adjoint fields Xi,X2 can be described as two middle 
NS5-branes, two left NS5'-branes, two right NS5'-branes, Nc- and A''^-D4-branes, and Nf- and 
A^j-D6-branes for the cubic superpotential of the adjoints. The Xi is in the representation 
(N^ — 1, 1) while the X2 is in the representation (1, N'^^ — 1), under the gauge group. The 
F is in the representation (NcN'^) while the F is in the representation (Nc,N^), under the 
gauge group. The quarks Q and Q are in the representation (Nc, 1) and (Nc, 1) respectively 
and the quarks Q' and Q' are in the representation (1,N^) and (1,N^) respectively, under 
the gauge group. 

The mass terms for each fundamental quarks can be added in the superpotential by dis- 
placing each D6-branes along 

f = + ix^ 

direction leading to their coordinates v = +VD6_g{+VD6_^g,) respectively while the quartic 
terms for each fundamental quarks can be added also by rotating each D6-branes by an 
angle —6{—6') in {w, f )-plane respectively. Here we define the complex coordinate w as 

8 , • 9 
W = X + IX . 



Then, the general superpotential from the one fl2[ [T5l [23] by adding the above deformations 
is given by 



Weiec = tr Xf + ^ tr X| + tr X^FF + tr X2FF + XiQX.Q + \2Q' X2Q 

+ 2 ^AQQ)'' - ^ tr gg + - tr (g'g')' - m' tr g'g' 

where the parameters are described as the following geometric quantities 



(2.1: 



tan^ 



tan 6*' 



a = 



A 



a = 



A' 



m = 



VD6 



2ttP 



m = 



2nP 



Ai = sin6', A2 = sin6''. 



The first two terms of (12.11) . in general, are due to the rotation angles ul and uji of two left 
and right NS5'-branes with respect to the middle NS5-branes: Si = tana;^ and S2 = tanajR. 



3 



We consider the case where ujl = ujr = ^- Although the relative displacement of two color 
D4-branes, where the mass for the bifundamentals mp = ^^^^ is the distance of D4-branes 
along the f-direction, can be added in the superpotential, we focus on the particular limit 
mp = 0. Note that we also put the perturbations by QXiQ and Q'X2Q' in the superpotential 
|23j which will arise as the mesons in the magnetic theory. The lower order terms for the 
adjoints can occur when we displace the coincident NS5-branes and NS5'-branes in w direction 
and in v direction respectively. 

Then the A/" = 1 supersymmetric electric brane configuration for the superpotential (12. ip 
in type IIA string theory is given as follows and let us draw this brane structure in Figure 1 
explicitly: 

• Two middle NS5-branes in (012345) directions 

• Two left NS5'-branes in (012389) directions 

• Two right NS5'-branes in (012389) directions 

• Nf D6_6»-branes in (01237) directions and two other directions in {v , w)-pla.ne 

• N'jr D6_6»'-branes in (01237) directions and two other directions in {v, i(;)-plane 

• Nc- and A'^-color D4-branes in (01236) directions 




2 NS5 




2 NS5' 



(8,9) 



2 NS5 



Figure 1: The A/" = 1 supersymmetric electric brane configuration for the gauge group 
SU{Nc) X SU{N'J with bifundamentals F,F, fundamentals Q,Q,Q',Q', and adjoint fields 
Xi,X2. The powers of Xi and X2 in the superpotential (12.1 p are related to the number 
of NS-branes. A rotation of coincident Nf{N'j:) D6-branes in (w,t')-plane corresponds to a 

quartic term for the fundamentals Q, Q{Q', Q') while a displacement of Nf{Nj^) D6-branes in 

+v direction corresponds to a mass term for the fundamentals Q,Q{Q' ,Q')- Let us assume 
that V£)Q_g < vdq_ , and 6 < 9'. 
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2.2 Magnetic theory 

For the meta-stable brane configurations, we should go to the magnetic theory corresponding 
to the previous electric theory. The left NS5'-branes start out with linking number /g = 

2N' 

— 2^ + Nc from Figure 1 and after duality these left NS5'-branes end up with linking number 

2A'"' ~ 

= ~ + 2^/ from Figure 2. In arriving at this, we consider the coincident NS-branes 
for the time being and assume that there is no splitting and reconnection between D4-branes 
in Figure 2. We consider only the particular brane motion where Nf D6_e-branes meet the 
middle NS5-branes with no angles. That is, the D6_6»-branes become D6_^-branes when they 
meet with the middle NS5-branes instantaneously and then after that they come back to the 
original D6_e-branes [10]. Therefore, in this dual process, there is no creation of D4-branes. 
That is the reason for the 2Nf factor in the Im-, not 4A^j. Then the dual color number A*"^ is 
given by N'^ = 2Nf + 2N'j - N^. 

The right NS5'-branes start out with linking number 1^ = — N'^ and after duality these 
right NS5'-branes end up with linking number = — 2^ + Nc — 2Nj. We consider only 
the particular brane motion where the D6_6i'-branes become D6_|-branes when they meet 
with the middle NS5-branes instantaneously and after that they come back to the original 
D6_e'-branes. Therefore, in this dual process, there is no creation of D4-branes. That is the 
reason for the 2Nj factor in the Im, not 4A^j-. Then it turns out that the dual color number 
Nc is given by Nc = 2iVj- + 2Nf — Nc- Finally, one has the following dual color numbers 

Nc = 2N'f + 2Nf - N'^, N'^ = 2Nf + 2N'j - Nc. 

The low energy theory [121 IE] on the two color D4-branes has SU{Nc) x SU{N'J gauge 
group and A^/-fundamental dual quarks q',q', iVj-fundamental dual quarks q,q, bifundamen- 
tals /, /, two adjoints xi, X2 and various gauge singlets. The / is in the representation (Nc, N^) 
while the / is in the representation (Nc, N^), under the dual gauge group. The N'j: flavors q and 
q axe in the representation (Nc, 1) and (Nc, 1) respectively under the gauge group and in the 
representation (N^, 1) and (l,Nf) respectively under the flavor group SU{N'^)l x SU{Nj)ji. 
Similarly, the Nf flavors q' and q' are in the representation (1,N^) and (1,N^) respectively 
under the gauge group and in the representation (Nf, 1) and (l,Nf) respectively under the 
flavor group SU {Nf)i x SU (A^/)_r. In particular, a magnetic meson field Mq = QQ is Nf x Nf 
matrix and comes from 4-4 strings of Nf flavor D4-branes, created from the intersection of 
DG-e-branes and one of the right NS5'-branes, while a magnetic meson field Mq = Q'Q' is 
Nf X Nf matrix and comes from 4-4 strings of Nf flavor D4-branes, created from the inter- 
section of D6_6»'-branes and one of the left NS5'-branes. The adjoint fields xi,X2 correspond 
to the motion of two left and right NS5'-branes and two NS5-branes in {v, w)-pla.ne. 
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Then the most general magnetic superpotential, when we consider the case where Nf{N'jr) 
D6_0-branes(D6_e)/-branes) meet the middle NS5-branes with angles, compared to the previ- 
ous paragraph, is given by 



W, 



dual 



^xl + ^xl + xjf + X2ff + AiMi + X,M[ 



(2.2) 



+ (^|trM2-mMo) + (ytrM^'-mx) 

Moq'x2ffq' + M',qxJ,fq + M.q'ffq' + M[qffq 

M^^x^q' + Mgg'g' + M'^qxiq + M'^qq + Piqxjq' + Piq'x2fq + P2qfq' + Ps?'/? 



where the mesons are given by fl2[ [T5 

Mo 
M2 
Pi 



QQ, M'^ = Q'Q', Mi = QXiQ, M[ = Q'X2Q', 
QFFQ, M:, = QFFX^Q, M^ = Q'FFQ', Af^ = Q'FFXaQ', 
QFQ', P^ = Q'FQ, P2 = QX^FQ', P2 = Q'X2FQ. 



The first two lines of fl2.2p are dual expressions for the electric superpotential (12 .ip and the 
corresponding meson fields Mo, Mq, Mi and M[ are replaced and the third and fourth lines 
of (12.21) are the analogs of the cubic term superpotential between the meson and dual quarks 
in Seiberg duality. Compared with the theory [211 [10] without two adjoints fields, there exist 
the extra meson fields coming from the adjoint fields Xi and X2:Mi, M[, M3, M3, P2 and P2- 

Now we want to find out the reduced magnetic superpotential which is relevant to the 
meta-stable brane configuration we are interested in. 

As observed in [10], when the Nf D6_0-branes meet the middle NS5-branes, no creation 
of D4-branes implies that there is no M2- or Ms-term in the above superpotential (12. 2p . 
The mesons M2 and M3 originate from SU{Nc) chiral mesons QQ when one dualizes the 
SU (Nc) gauge group first by moving the middle NS5-branes to the left of the left NS5'-branes 
[251 [261 [271 [281 [29|. That is, the fluctuations of strings stretching between the 2Nf "flavor" 
D4-branes correspond to these meson fields. After two additional dual procedures, SU{N^) 
and SUijic), the cubic terms in the superpotential arise as M2-dependent and Ms-dependent 
terms where M2 has extra FF fields and M3 has extra FFXi fields, besides QQ, due to the 
further SU (Ai'^)-dualization. The M2-term in the superpotential has an extra X2 factor besides 
qq. 

Similarly, when the N'j D6_e'-branes meet the middle NS5-branes with no angles, there is 
no Mg- or Mg-term in the above superpotential (12. 2p . These meson fields Mg and M3 originate 
from SU {N^) chiral mesons Q'Q' when one dualizes the SU {N^) gauge group first by moving 
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the middle NS5-branes to the right of the right NS5'-branes. The strings stretching between 
the 2N'j "flavor" D4-branes provide these mesons. After two additional dual procedures, 
SU{Nc) and SU{n'^), the cubic terms in the superpotential arise as M^-teim and Mg-term 
where has extra FF fields and Mg has extra FFX2 fields, besides Q'Q', due to the further 
S'[/(A''c)-dualization. The Mg-term in the superpotential has an extra xi factor besides qq. 

Furthermore, when the Nf D6_e-branes, the N'jr D6_6)'-branes and the middle NS5-branes 
meet each other with no angles, no Pi- and P2- or Pi- and P2-dependent terms arise in 
the superpotential (12.21) . These mesons originate from SU{N'^) chiral mesons FQ' and FQ' 
when one dualizes the SU{N'^) first by moving the middle NS5-branes to the right of the 
right NS5'-branes. The strings stretching between the 2N'jr flavor D4-branes and color D4- 
branes give rise to these 2N'jr SU{Nc) fundamentals and 2N'jr SU{Nc) antifundamentals. After 
two additional dual procedures, SU{Nc) and SU(n'^), these cubic terms arise as these meson 
terms where there exist extra qxi,qx2, q and q in the interactions of Pi, Pi, P2 and P2 in the 
superpotential respectively and these mesons have extra Q,Q,QXi,QX2 fields respectively, 
due to the further 5'[/(A'c)-dualization. 

Then the reduced magnetic superpotential in our case by taking the first three lines of 
(12.21) is given by 



dual 



jxl + ^xl + xiff + fx2f + Miiq'ffq' + Ai) + M[{qffq + A2) 



+ 



a 



Moq'x2ffq' + -tTM, 



+ 



M'.qxiffq+^tiM',' 



■ (2.3) 



Let us describe the meta-stable brane configuration with this magnetic superpotential. For 
the supersymmetric vacua, one can compute the F-term equations for this superpotential 
(j2.3p and the F-terms for Mq, q' , q' , Mq, q, q, /, /, Mi, M[, Xi and X2 are given by 

(^X2fM - m + «Mo = 0, X2fMM^ + fJ-^Mi = 0, {M^qx2 + Miq')ff = 0, 
qxjfq- m' + a' M'^ = 0, xJfqM'^ + JfqM[ = 0, {M'.qxi + M[q)Jf = 0, 
(xi7+ fx2) + M{Miq' + M,q'x2) + q{M[q + M',qxi)f = 0, 

(/xi + X2f) + ^{Micf + Mog'xa)/ + fq{M[q + M'^qxi) = 0, q' ffTf + Ai = 0, 
g7/^+A2 = 0, Sixl + ff + ffqMoq = 0, S2xl + ff + ffq' Moq' = 0. (2.4) 

The third, sixth, seventh and eighth equations of (12.41) are satified if the following equations 
hold 



fxi = -X2f, xif = -fx2, Miq' = -Moq'x2, M[q = -M'^qxi. 



(2.5) 



7 



(Nf'-Nc-l')j 
(Nr'-Nc-h'J 



Nf' D6 




NS5z' 




NS52 



(4,5) 



(6) 



(8.9) 



Figure 2: The A/" = 1 supersymmetric magnetic brane configuration corresponding to Figure 
1 with a sphtting and a reconnection between D4-branes when the gravitational potential of 
the NS5-branes is ignored. The A^S'Si-brane is located ai w = 0. The Nf flavor D4-branes 
connecting between D6_6i-branes and A^S'S'^^-brane are splitting into {Nf — N'^ — li)-, li-, and 
A''^-D4-branes while the other Nf flavor D4-branes connecting between them are splitting into 
A^^-, {Nf — N'^ — I)-, and /- D4-branes. Also other 2Nf flavor D4-branes can split similarly. 
The V and w coordinates of these D4-branes are increasing and decreasing, in that order. 
Note that the numbers of dual colors connecting i-th A^S'S^-brane and j-th A^iSSj-brane Vij 
and r'j^ j have the following relations Ylij=i = N'^ — I — h and ^^^=1 r'^^j = Nc — I' — I'l- 

By multiplying / to the second equation of (12. 5p from the left, one obtains fxif = —ffx2- 
Using the first equation of (12.51) one gets (— X2/)/ = —ffx2 and this leads to X2// = ffx2. 
Then one simplifies the second equation of (12.41) as 



by moving X2 to the right. Similarly, by multiplying / to the first equation of (12. 5p from the 
left, one obtains ffxi = —fx2f- Using the second equation of (12.51) one gets ffxi = {xif)f 
and this leads to Xiff = ffxi. Then one simplifies the fifth equation of (12. 4p as 



ff{x2q'Mo + q'M,) = ^ q'M, = ~X2^M, 







ff{x^qM'^ + qM[) = ^ qM'i = -x^qM'o 



by moving Xi to the right. 



8 



Then the remaining F-term equations can be summarized as 



q'ffx2q -m + aMo = 0, qffxiq- m' + a' M'^ = 0, q' f M + Ai = 0, 
qjfq + A2 = 0, s^xl + 7/(1 + qM'oq) = 0, s^xl + //(I + ?i M,q') = (2.6) 

where we used the identities for xi and X2 with /, / we have discussed. 

The theory has many nonsupersymmetric meta-stable ground states and when we rescale 
the meson fields as Mq = /iA$o and Mq = /i'A'$Q, then the Kahler potential for $0 and $q is 
canonical and the magnetic quarks are canonical near the origin of field space [T]. Then the 
magnetic superpotential (12.31) can be rewritten as 



mag 



h'%qxiffq + 



tr $ 



+ 



h^Qq'x2ffq+-^ii^n-hii^ii^o + 

+ '-^xl + xjf + Jx2f + h^.iq'm + Ai) + h'^[{qffq + A2) 



1 2 



/I'/x' tr$Q 
(2.7) 



where /i^ = mA, /i'^ = m'A' and /i,^ = aA^, /i^ = a'A'^. 

Now one splits the {Nf — N'^ — I) x [Nj — — I) block at the lower right corner of h^Q 
and q'ffx2q' of supersymmetric solutions into blocks of size n and {Nj — N'^ — l — n) and one 
decomposes the {N'j — — I') x [N'j- — — I') block at the lower right corner of h'^Q and 
qxif fq oi supersymmetric solutions into blocks of size n' and {N'j — — I' — n') as follows 



h^r 



q'ffx2q' 



qxiffq 



/ 




















0/ 

























\ 















/ 


A2 v~ 
a' ^ Nc 


















0/' 


















h'K 







v 











' ^1 


N'^.~Nc-l'- 






- AiXjy, 




































v 















/ 




- A2>>^ 

















/2-1 













































Nf-N^-l-n 







(2.8) 
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with the expectation values of two adjoint fields X2 and Xi by Xf^, = diag(ai, a2, - ■ ■ , Oyv') 
Yj^^ = diag(6i,62i ■ ■ ■ ^^nJ which are traceless. We used the first four equations of (12.61) in 
order to obtain these expectation values. Here if' and if' are n x (A^^ — /) dimensional matrices 
and ip and are n' x [N^ — I') dimensional matrices. In the brane configuration shown in 
Figure 3, Lp' and (f' correspond to fundamental strings connecting the n fiavor D4-branes and 
(A*"^ — /) color D4-branes and and ip correspond to fundamental strings connecting the n' 
fiavor D4-branes and {Nc — I') color D4-branes. The $„ and (p'ggy2^p' are nxn matrices while 
and ipyiggip are n' x n' matrices. 

2 

The supersymmetric ground state, in Figure 2, corresponds to = —ln,'p'gy2 = = 
y2g^' and h'^' = ^In' , (pgyi = = yigip. Let us make the two NS5'-branes and two 
NS5-branes be separated along v- and w-directions respectively. Let us put the A^iSS'^-brane 
at f = and the A^S'Si-brane at w = 0. Then the dual color numbers for each factor are 
distributed as Vij and r-^ connecting between the A^S'S^-brane and the iVS'Sj-brane. Then we 

have J2lj=i = K and Y.lj=i = 

The / of the A^j-fiavor D4-branes are reconnected with /-color D4-branes and the resulting 
/ D4-branes stretch from the il'6„6)-branes to the A^iSSi-brane directly and the intersection 
point between the / D4-branes and the D6_6i-branes is given by {v^w) = {+Vo6^g,0). This 
corresponds to exactly the /'s eigenvalues from zeros of /i$o in (12. 8p . Now the remaining 
{Nf — — /)-fiavor D4-branes between the DQ^g-hianes and the A^SS'^-brane correspond 

2 

to the eigenvalues of /i$o in (12.80 . i.e., — l^f _mi_,- The intersection point between the 
{Nf — N'^ — I) D4-branes and the A^S'S'^^-branes is given by {v,w) = {0, +VD6^g cot 9) from 
trigonometric geometry. Finally, the remnant A"^-fiavor D4-branes between the D6_6»-branes 
and the A^S'52-brane correspond to the eigenvalues ^X^, in (12. Sp providing the positive w 
coordinates that are w = +(vD6_e ~ 'Vns5'J cotO for these fiavor D4-branes. 

Similarly, the /' of the A'^^-fiavor D4-branes are reconnected with /'-color D4-branes and the 
resulting /' D4-branes stretch from the D6_e'-branes to the A^S'Si-brane directly and the inter- 
section point between the /' D4-branes and the D6_0'-branes is given by {v, w) = (+'i'D6_e, ; 0). 
This corresponds to exactly the /"s eigenvalues from zeros of /i'$o in (12.80 . Now the remaining 
{Nf — Nc — /')-fiavor D4-branes between the D6_e)'-branes and the A^iSS'^-brane correspond 
to the eigenvalues of /i'$q in (12.81) . i.e., The intersection point between the 

{N'j — Nc — /') D4-branes and the A^S'S'^-branes is given by {v,w) = {0, +VD6_g, cot 9') from 
trigonometric geometry. Finally, the remnant A'c-fiavor D4-branes between the i56_6i'-branes 
and the A^S'Sj-brane correspond to the eigenvalues ^Y^^ in (12. 8p providing the positive w 
coordinates that are w = +{vD6_g, — 'I'ivss' ) cot 9 for these fiavor D4-branes. 
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Furthermore, one gets the following expectation values by using (12. 5p 



/ -^Xl, \ 



0,, 



2 



V ^lr,,-N'^-H J y u u ^^^n'^.^n.-v, ) 



( -^Yl \ 

f\' AT 



Oi' 



.'2 



^1 



,(2.9) 



Finally the other two last equations of (12.61) and other equations of (12.51) provide the expecta- 
tion values for / and /. Note that the superpotential (12. 7p has only the linear term in $1 and 
contrary to the Mq and Mq. In Figure 2 or 3, the li of the A^j-flavor D4-branes are recon- 
nected with /i-color D4-branes and the resulting li D4-branes stretch from the D6_5i-branes to 
the A^5'5i-brane directly and the intersection point between the li D4-branes and the DQ_0- 
branes is given by {v,w) = {+VD6_g,0). This corresponds to exactly the /I's eigenvalues from 
zeros of h^i in (12. 9p . Now the remaining {Nf — N^ — /i)-flavor D4-branes between the D6-g- 

2 

branes and the A^S'S'^^-brane correspond to the eigenvalues of h^i in (12. 9p . i.e., ^ljv^_;v/_;^- 
The intersection point between the {Nf — N'^ — li) D4-branes and the A^5'5'i -branes is given by 
{v, w) = (0, -|-f_D6„9 cot 6) from trigonometric geometry [1]. Finally, the remnant A'^^-flavor D4- 
branes between the DG^^-branes and the A^S'52-brane correspond to the eigenvalues — 
in ( 12. 9p providing the negative w coordinates for these flavor D4-branes, that is, the distance 
between the A^iSSi-brane and the A^S'52-brane. 

Similarly, the l[ of the A^^-flavor D4-branes are reconnected with 1[-coIot D4-branes and 
the resulting l[ D4-branes stretch from the D6_6i'-branes to the A^S'Si-brane directly and 
the intersection point between the l[ D4-branes and the D6_6»'-branes is given by {v,w) = 
{+VD6_g, ,0)- This corresponds to exactly the I'^s eigenvalues from zeros of h'^'i in (12. 9p . 
Now the remaining [N^ — Nc — l[)-fiayoT D4-branes between the D6_6i'-branes and the NS5'i- 

;2 

brane correspond to the eigenvalues of h'^[ in (12. 9p . i.e., ^1^, . The intersection 

point between the (A^^ — — l[) D4-branes and the A^S'5'^-branes is given by {v, w) = 
(0, -|-f£)6_g, cot from trigonometric geometry. Finally, the remnant A^^^-flavor D4-branes 
between the D6_6i/-branes and the A^S'52-brane correspond to the eigenvalues —^Y~ in (12.91) 
providing the negative w coordinates for these flavor D4-branes, that is, the distance between 
the A^S'Si-brane and the A^S'52-brane. 

Now the full one loop potential containing $„, $Jj or with /i^ << /i << and 
/i0 << fi' << A^, by combining the superpotential and the vacuum expectation values for 
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the fields, takes the form 

V = \h^n^'y2gg? + \hggy2^'^n? + W ggy2v' - Vln + h'^^J^4>^n? + h\h?^\^ tr $„ 

+ \yi9 + ??/2 + hg^'^n^'y2 + h' ^^'^Lpyig\^ + + y2g + hip'^„(p'y2g + h' g^^'^ipyi\^ 
+ |s2?/2 + gg + hg'g^'^nV'? + + fi-fi- + /I'fi^S'^'^'^V^P H 

where h = ^^^^^^^Nc and h' = ^^^^^j^N'^ [1] and we did not write down the irrelevant terms 
which do not depend on $„ and and their conjugate fields explicitly. Differentiating this 
potential with respect to and and putting (p' g = = 'gi^' and (pg = Q = gi^ one 
obtains 

h^n ^ ^In or M„ ~ ^^In, 

ft'^)' ~ ^1 , nr /Vf' ~ " ^ 1 , 
Ai sf^, _ !„/ or _ !„/ 

c 

corresponding to the w coordinates of n curved flavor D4-branes between the D6_6»-branes 
and the A^iSS'^-brane and the w coordinates of n' curved flavor D4-branes between the DQ_0i- 
branes and the other A^S'S'^^-brane respectively, in Figure 3. Since ^ << ^ and << jj-, 
the n- and n'- curved D4-branes are nearer to if = at which the A^iSSi-brane is located. 

One can also consider the fluctuations on the other meson fields $i and ( 12. 9p in addition 
to the above fluctuations. However, the superpotential (12.71) does not contain the quadratic 
terms for these meson fields, the stable points arise as zero values of w corresponding to 
supersymmetric vacua. That is, as rii or n[ D4-branes approach to the A^S'Si-brane, they 
reconnect with the same number of color D4-branes respectively and those each combined D4- 
branes will be connected between D6_6i-branes(-D6_0'-branes) and the A^SSi-brane directly. 

Therefore, the meta-stable states, for cubic superpotential of the adjoint fields with rota- 
tion angle 0{6') of L'6_e(L'6_e')-branes, are classified by the number of various D4-branes 
{rij,r^.j,l,l',li,l[,n,n'), the position of D6_6i-branes t^De.e; the position of D6_e/-branes 
VD6_g,, the positions of A^S'S^-branes v^sb'^ and the positions of A^SSj-branes WNS5j- 

2.3 Higher order superpotential for adjoints 

When we consider higher order superpotential whose degree is greater than three(i.e., the 
number of NS5-branes or NS5'-branes k > 2), there exist more meson fields. In general, it 
is not known how the deformations for the meson fields QXlQ or Q'X^Q' where j > 2 arise 
geometrically in the type IIA brane configuration. Therefore, it is not clear how to add these 
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Figure 3: The nonsupersymmetric meta-stable magnetic brane configuration corresponding 
to Figure 1 with a misahgnment between D4-branes when the gravitational potential of the 
NS5-brane is considered. The {Nf — N'^ — l) flavor D4-branes in Figure 2 connecting between 
D6_0-branes and A^S'S'^-brane are further splitting into {Nf — N'^ — I — n)- and n-curved D4- 
branes while the [N'j — N^ — V) flavor D4-branes in Figure 2 connecting between D6_9'-branes 
and A^S'S^-brane are further splitting into {N'j — — I' — n')- and n'-curved D4-branes. 

deformations in an electric theory or a magnetic theory. Recall that the perturbations by 
QXiQ and Q'X2Q' when j = 1 in the superpotential were realized by the relative rotations 
of D6_0(D6_0')-branes in (to, t>) -plane. 

2.4 SU{Nc) with Nf-fund., symmetric and conjugate symmetric 
tensors, and adjoint. 

When we add an orientifold 6-plane to the above brane configuration, then we obtain this 
theory. Due to the orientifold 6-plane, the number of gauge group, fundamentals, and adjoint 
fields are reduced by half. Moreover, the bifundamentals become symmetric and conjugate 
symmetric tensors. The type IIA brane configuration for this theory is already known in 
[23]. The gauge theory analysis was found in [30] where the power of adjoint field in the 
superpotential appears in A; -|- 1 and they found that k should be odd. For the simplest 
nontrivial case, one sets A; = 3. The number of NS5-branes or NS5'-branes is equal to three 
also. Then there exist three meson fields: Mq = QQ, Mi = QXQ, and M2 = QXXQ. 
Since we do not know how the deformation for M2 arises geometrically in the type IIA brane 



13 



configuration, it is not clear how to add the deformation corresponding to M2 in an electric 
theory or a magnetic theory. 



3 SO{2Nc) X Sp{N'J with 2A^/-vectors, 2iV}-fund., two ad- 
joints, and bifund. 

Let us add the 04-plane to the brane configuration of previous section. 
3.1 Electric theory 

The type IIA supersymmetric electric brane configuration corresponding to A/" = 1 S0{2Nc) x 
Sp{N'^) gauge theory [31] with 2A^j-vector Q, 2iVj-fundamental fields Q', bifundamentals F 
and two adjoint fields Xi,X2 can be described as two middle NS5-branes, two left NS5'-branes, 
two right NS5'-branes, 2Nc- and 2A^^-D4-branes, 2Nf- and 2A^j-D6-branes and an 04-plane 
for the cubic superpotential of the adjoints. The Xi is in the representation (Nc(2Nc — 1), 1) 
while the X2 is in the representation (1, N^(2N^ + 1)), under the gauge group. The F is in 
the representation (2Nc, 2N^) under the gauge group. The quarks Q is in the representation 
(2Nc, 1) and the quarks Q' is in the representation (1, 2N^), under the gauge group. 

The mass terms for each quarks can be added by displacing each D6-branes along v 
direction leading to their coordinates v = ±VD6.ei^''^D6_g,) respectively while the quartic 
terms for each quarks can be added also by rotating each D6-branes by an angle —9{—9') in 
{w, f )-plane respectively. Then, the general superpotential by adding the above deformations 
is given by 



elec = ^tTXf + ^tTXl + tTXiF^+tTX2F^ + X,QXiQ + X2Q'X2Q' 

+ |tr(gg)2-mtrQQ + ytr(QV)'-m'trQV- (3.1) 

The parameters are the same as before and the rotation angles ujl and ur of two left and right 
NS5'-branes with respect to the middle NS5-branes are given by ul = ojr = |. Although the 
relative displacement of two color D4-branes can be added in the superpotential, we focus 
on the particular zero limit of bifundamental mass. There are the perturbations by QXiQ 
and Q'X2Q' in the superpotential which will arise as the mesons in the magnetic theory. The 
mass matrix m is symmetric and the mass matrix m' is antisymmetric. 

Then the A/" = 1 supersymmetric electric brane configuration for the superpotential (13.11) 
in type IIA string theory is given as follows: 

• Two middle NS5-branes in (012345) directions 
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• Two left NS5'-branes in (012389) directions 

• Two right NS5'-branes in (012389) directions 

• 2Nf D6_e-branes in (01237) directions and two other directions in (f, it;) -plane 

• 2N'j D6_e/-branes in (01237) directions and two other directions in (t',t(;)-plane 

• 2Nc- and 2A''^-color D4-branes in (01236) directions 

• 04''=-planes in (01236) directions 

The corresponding brane configuration can be obtained from the previous section by con- 
sidering the correct mirrors based on the 04-plane action. 

3.2 Magnetic theory 

It is straightforward to compute the dual color numbers by considering the D4-brane charge 
of an orientifold 4-plane and realizing that the number of D6-branes are doubled. 

4A''' 

The left NS5'-branes start out with linking number /g = — if - + 2Nc — 2 and after duality 
these left NS5'-branes end up with linking number — — 2N'^ + ANf — 2. We consider 
only the particular brane motion where Nf Z)6_6i-branes meet the middle NS5-branes with 
no angles(and their mirrors). That is, the D6_5t-branes become -D6_|-branes when they 
meet with the middle NS5-branes instantaneously and then after that they come back to the 
original D6_6(-branes. Therefore, in this dual process, there is no creation of D4-branes. That 
is the reason for the ANf factor in the 1^, not STV^. Then the dual color number 2N'^ is given 
by 2N'^ = ANf + AN'f - 2N^. 

The right NS5'-branes start out with hnking number 1^ — — 2N'^ — 2 and after duality 
these right NS5'-branes end up with linking number = —-^ + 2-/Vc — AN'f — 2. We consider 
only the particular brane motion where the D6_6)'-branes become -D6_|-branes when they 
meet with the middle NS5-branes instantaneously and after that they come back to the 
original D6_6)'-branes(and their mirrors). Therefore, in this dual process, there is no creation 
of D4-branes. That is the reason for the AN'f factor in the not SN'f. Then it turns out 
that the dual color number 2Nc is given by 2Nc = AN'f + ANf - 2N'^. Finally, one has the 
following dual color numbers 

2iVc = AN'f + ANf - 2N'^, 2N'^ = ANf + AN'f - 2Nc. 

The low energy theory on the two color D4-branes has SO{2N^ x Sp{N'^) gauge group and 
2A^y-vector dual quarks q', 27V|:-fundamental dual quarks q, bifundamental / and various gauge 
singlets. The / is in the representation (2Nc, 2N^) under the dual gauge group. The 2N'f fields 
q are in the representation (2Nc, 1) and similarly, the 2Nf fields q' are in the representation 
(1, 2Np), under the gauge group. In particular, a magnetic meson field Mq = QQ is 2Nf x 2Nf 
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matrix and comes from 4-4 strings of 2Nf flavor D4-branes created when 2Nf D6_6i-branes 
meet the one of the right NS5'-branes while a magnetic meson field Mq = Q'Q' is 2N'j x 2N'j 
matrix and comes from 4-4 strings of 2N'j flavor D4-branes created when 2N'^ D6_6)/-branes 
meet the one of the left NS5'-branes. The adjoint fields Xi,X2 correspond to the motion of 
the NS5'-branes and the NS5-branes in (f , tL')-plane. 

Then the most general magnetic superpotential, when we consider the case where Nf{N'j) 
D6_6»-branes(D6_6»'-branes) meet the middle NS5-branes with angles{ajLid their mirrors), is 
given by 

Wdual - 



^jxl + jxl + xif + X2f + AiMi + X2M[ 



+ 

+ 
+ 



a 



- tr Mn - mMo + 



^trM^' 



[Moq'x2fq' + M'^qx.fq + Mi^'/^g' + M[qpq] 
M2q'x2q' + M^q'q' + M^qx^q + M'^qq + Piqxjq' + P2qfq' + P2q'fq (3.2) 



where the mesons are given by 

Mo = QQ, M'^ = Q'Q', 
M2 = QF^Q, 

Pi = QFQ', P2 = QXiFQ' 



Ml = QX,Q, M[ = Q'X2Q', 
QF^Q, M^ = QF^XrQ, M^ = Q'F''Q', = Q' F"" X2Q' , 

P2 = Q'X2FQ. 



The first two lines of (13. 2p are dual expressions for the electric superpotential (13. ip and the 
corresponding meson fields Mo, Mq, Mi and M[ are replaced and the third and fourth lines 
of ( 13. 2p are the analogs of the cubic term superpotential between the meson and dual quarks 
in Seiberg duality. Compared with the theory [2ll [10] without two adjoints fields, there exist 
the extra meson fields coming from the adjoint fields Xi and X2:Mi, M[, M3, Mg, P2 and P2. 

Let us find out the relevant magnetic superpotential for the meta-stable brane configura- 
tion. 

When the Nf D6_6i-branes meet the middle NS5-branes(and their mirrors), no creation 
of D4-branes implies that there is no M2- or Ms-term in the above superpotential (13.21) . The 
mesons M2 and M3 originate from S0{2Nc) chiral mesons QQ when one dualizes the S0{2Nc) 
gauge group first by moving the middle NS5-branes to the left of the left NS5'-branes [32] . 
That is, the fluctuations of strings stretching between the 2Nf "flavor" D4-branes correspond 
to these meson fields(and their mirrors). After the additional dual procedures, the cubic 
terms in the superpotential arise as M2-dependent and Mg-dependent terms where M2 has 
extra F^ fields and M3 has extra F'^Xi fields, besides QQ, due to the further dualization. 
The M2-term in the superpotential has an extra X2 factor besides q'q'. 



16 



Similarly, when the N'^ D6_e)'-branes meet the middle NS5-branes with no angles(and 
their mirrors), there is no M!^- or Mg-term in the above superpotential (13.21) . These meson 
fields M'2 and M3 originate from Sp{N'^) chiral mesons Q'Q' when one dualizes the Sp{N'J 
gauge group first by moving the middle NS5-branes to the right of the right NS5'-branes. 
The strings stretching between the 2Nj "fiavor" D4-branes provide these mesons(and their 
mirrors). After the additional dual procedures, the cubic terms in the superpotential arise as 
Mg-term and Mg-term where has extra F"^ fields and M3 has extra F'^X2 fields, besides 
Q'Q', due to the further dualization. The M2-term in the superpotential has an extra xi 
factor besides qq. 

Furthermore, when the Nf D6_e-branes, the N'jr D6_6i'-branes and the middle NS5-branes 
meet each other with no angles(and their mirrors), no Pi- and P2- or P2-dependent terms 
occur in the superpotential (13.21) . These mesons originate from Sp{N'^) chiral mesons FQ' 
when one dualizes the Sp{N^) first by moving the middle NS5-branes to the right of the 
right NS5'-branes. The strings stretching between the 2N'j- fiavor D4-branes and 2Nc color 
D4-branes give rise to these 2N'j- S0{2Nc) vectors(and their mirrors). After the additional 
dual procedures, these cubic terms arise as these meson terms where there exist extra qxi,q 
and q in the interactions of Pi,P2 and P2 in the superpotential and the mesons have extra 
Q, QXi, QX2 fields respectively, due to the further dualization. 

Then the reduced magnetic superpotential in our case by taking the first three lines of 
(13.21) is given by 



dual 



Si 

L3 



xl + ^xl + xif + fx2f + M,{(/f(/ + Ai) + M',{qfq + A2) 



+ 



Mog'x2/V + |trM2 



+ 



M',qx,pq+-tTM',' 



m'M'^ 



(3.3) 



Let us describe the meta-stable brane configuration with this magnetic superpotential. 
For the supersymmetric vacua, one can compute the F-term equations for this superpo- 
tential (13.31) and the F-terms for Mq, q' , Mq, g, /, Mi, M{, Xi and X2 are given by 

q'x2pq' - m + aMo = 0, X2pq'M, + fq'M^ + {M,q'x2 + M^q')f = 0, 

qxifq -m' + a' M'^ = 0, x^fqM'^ + fqM'^ + {M'^qx^ + M'^q)p = 0, 

(xi/ + fx2) + /g'(Mig' + M^q'x2) + q{M'^q + M^gxi)/ 

+ (/xi + X2f) + ?'(Mi(/' + M^(^X2)f + fq{M'^q + M'^qx^) = 0, 

g7V + Ai = 0, g/2g + A2 = 0, 

sixl + f + fqM'^q = 0, S2xl + f + fq'Moq' = 0. (3.4) 
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The fifth equation of (13 ■4p is satified if the following equations hold 



fxi = -X2/, Xif = -fx2, Miq' = -Moqx2, M[q = -M^qxi. 



(3.5) 



By multiplying / to the second equation of (13.51) . one obtains fxif = ~pX2- Using the 
first equation of (13. 5p one gets (— X2/)/ = —pX2 and this leads to X2P = pX2- Then one 
simplifies the second equation of (13.41) with (13. 5p as 

f{x2q'M, + g'Mi) = q'M^ = -X2q'M^ 



by moving X2 to the right. Similarly, by multiplying / to the first equation of (13. 5p . one 
obtains pxi = —fx2,f- Using the second equation of (13.51) one gets pxi = {xif)f and this 
leads to xip = pxi. Then one simplifies the fourth equation of (13. 4p with (13. 5p as 

P{xiqM'^ + qM[) = ^ qM[ = -x^qM'^ 

by moving Xi to the right. 

Then the remaining F-term equations can be summarized as 



qf x2q' - m + aMo = 0, qf Xiq - m' + a' M'^ = 0, q'pq + Ai = 0, 

qpq + X2 = 0, s,xl + p{l + qM;,q) = 0, S2xl + p (1 + q' Moq') = (3.6) 

where we used the identities for xi and X2 with / we discussed. 

The theory has many nonsupersymmetric meta-stable ground states and when we rescale 
the meson fields as Mq = /iA$o and Mq = /i'A'$q, then the Kahler potential for $0 and $g 
is canonical and the magnetic quarks are canonical near the origin of field space. Then the 
magnetic superpotential (13.30 can be rewritten as 



mag 



h%q'x2pq' + ^ tr $g - hfi^ tr $0 



+ 



h'^'oqxipq + 



h" 



tr - /iV^ tr$'o 



+ 



+ ^xl + x,p + fx2f + h^.iq'pq' + X,) + h%{qpq + X2) 



(3.7) 



where /i^ = mA, /i'^ = m'A' and /j^ = aA^, /i^ = a'A'^. 

Now one splits the 2{Nf — N'^ — I) x 2{Nf — — I) block at the lower right corner of 
/i$o and q'pX2q' into blocks of size 2n and 2{Nf — — I — n) and one decomposes the 
2{Nj — iVc — /') X 2{Nj — Nc — I') block at the lower right corner of /i'$o and qxipq into blocks 
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of size 2n' and 2{N' -N^-V 



n 



as follows: 



qxifq 



with X^^, = diag(ai, 02, • • • ,a^,)(^as and Y^^ 
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Ai "v" 
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)icr2. We used the first 



diag(6i,62, 

four equations of fl3.6p in order to obtain these expectation values. Here (/?' is 2n x 2(A^^ — /) 
dimensional matrices and ip is 2??,' x 2{Nc — I') dimensional matrices. The 99' corresponds to 
fundamental strings connecting the 2n flavor D4-branes and 2{N^ — I) color D4-branes and ip 
corresponds to fundamental strings connecting the 2n' flavor D4-branes and 2{Nc — I') color 
D4-branes. The $2n and ip'g'^y2(p' are 2n x 2n matrices while $2n' ^"^^ fyio'^f ^^e 2n' x 2n' 
matrices. 



The supersymmetric ground state corresponds to /i$ 



= y2g'p' 



2n = ^in Cr3,^gy2 

yigf. The / of the upper A^/-fiavor D4-branes are 



;2 

and /i'$2n' = ^In' ®^cF2,^gyi = 
reconnected with /-color D4-branes and the resulting I D4-branes stretch from the upper 
D6_6»-branes to the A^5'5i-brane directly and the intersection point between the / D4-branes 
and the upper D6-_0-branes is given by {v,w) = (+'i'z36_ei 0). The mirrors are located at 
{v,w) = {—VDG^giO). This corresponds to exactly the 2rs eigenvalues from zeros of /i$o in 
(13.81) . Now the remaining upper {Nf — N^ — I) -fiavor D4-branes between the upper D6_0-branes 

2 

and the A^S'S'i-brane correspond to the positive eigenvalues of /i$o in (13.81) . i.e., — l^r _mi_,- 
The intersection point between the upper {Nf — N'^~ I) D4-branes and the A^iSS'^-branes is 
given by {v,w) = {0,+VD6_gCot9) from trigonometric geometry. The mirrors are located 
at {v,w) = (0, — vz)6_e cot 6*) corresponding to the negative eigenvalues of /i$o in (13. 8p . i.e., 
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— Finally, the remnant 2A^^-flavor D4-branes between the D6„e-branes and the 

A^S'52-brane correspond to the eigenvalues ^X^fj, in (13.81) providing the w coordinates that 
are w = +{vD6_g — v^sb'^) cot 6 for these flavor D4-branes. 

Similarly, the I' of the upper A^j.-fiavor D4-branes are reconnected with /'-color D4-branes 
and the resulting /' D4-branes stretch from the upper DG^^'-branes to the A^5'5i-brane directly 
and the intersection point between the I' D4-branes and the upper D6_0'-branes is given by 
{v,w) = {+VD6_g, ,0)- The mirrors are located at {v,w) = {—VDe^g,,^)- This corresponds to 
exactly the 2/"s eigenvalues from zeros of /i'$q in (13.80 . Now the remaining upper {N'j—Nc—l')- 
flavor D4-branes between the upper D6_e'-branes and the A^iSS'^-brane correspond to the 

,2 

positive eigenvalues of /i'$o in (13. 8p . i.e., ^ljvj_Ar^_r- The intersection point between the 
{N'j — Nc — I') D4-branes and the A^iSS'^-branes is given by {v,w) = {0,+vr)6_g, cot 9') from 
trigonometric geometry. The mirrors are located at {v,w) = (0, —VD6_g, cot 9') corresponding 

/2 ~ 

to the negative eigenvalues of h'^Q in (13.81) . i.e., — ^ljv'_7v -z" Finally, the remnant 2Nc- 
flavor D4-branes between the D6_6i/-branes and the A^S'52-brane correspond to the eigenvalues 



^YgiVc (13.81) providing the w coordinates that are w 
flavor D4-branes. 



+ i^D6_„, - vns5') cot 9' for these 



Furthermore, one gets the following expectation values by using (13. 5p 

\ 
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v 






A2-V^2 

,' 






_ A2y2_ 
a' 2Nc 





02/X 




02Zi 











/2 



to 2 



(3.9) 



Finally the other two last equations of (13.61) and other equation of (13.51) provide the expectation 
value for /. Note that the superpotential (13.71) has only the linear term in $1 and contrary 
to the Mo and Mq. The l\ of the upper A^j-fiavor D4-branes are reconnected with /i-color D4- 
branes and the resulting l\ D4-branes stretch from the upper D6_e-branes to the A^S'Si-brane 
directly and the intersection point between the l\ D4-branes and the upper i56_6i-branes 
is given by {y,vS) = {+VDQ_g,0). The mirrors are located at {v,w) = {—VDQ g,0). This 
corresponds to exactly the 2/i's eigenvalues from zeros of in (13.91) . Now the remaining 
upper {Nf — N'^ — /i)-flavor D4-branes between the upper D6_6»-branes and the A^iS5'^-brane 



Nf-N',-l 



^ . The intersection point between 



correspond to the eigenvalues of in (13.91) . i.e., 
the upper {Nf — N'^ — li) D4-branes and the A^S'5'j^-branes is given by (f , w) = (0, +f D6_e cot 9) 
from trigonometric geometry. The mirrors are located at {v,w) = {0,—VD6_gCot9). Finally, 
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the remnant 2A''^-flavor D4-branes between the D6_6»-branes and the A^S'52-brane correspond 
to the eigenvalues —^X"^}^, in fl3.9p providing the negative w coordinates for these flavor 
D4-branes. 

Similarly, the l[ of the upper A^j-flavor D4-branes are reconnected with 1[-co\ot D4-branes 
and the resulting l[ D4-branes stretch from the upper D6_5i'-branes to the A^S'5i-brane directly 
and the intersection point between the l[ D4-branes and the D6_6i'-branes is given by {v, w) = 
{+VD6_gi , 0). The mirrors are located at {v, w) = {—VDe^g, , 0). This corresponds to exactly the 
2l[^s eigenvalues from zeros of h'^[ in (I3.9p . Now the remaining upper (A^j- — A^c — /']^)-flavor D4- 
branes between the upper D6_e'-branes and the A^S'5'^-brane correspond to the eigenvalues of 

,2 ~ 

h!^\ in ([33D, i.e., ~7-l^/_^^_^/ . The intersection point between the (-/Vj — iVc — ^i) D4-branes 
and the A^S'S'^^-branes is given by (v, vS) = (0, +fD6_a/ cot 9') from trigonometric geometry and 
the mirrors are located at {v,w) = {0, —VD6_g, cotO'). Finally, the remnant 2A''c-flavor D4- 
branes between the D6_0/-branes and the A^5'52-brane correspond to the eigenvalues 
in (13.91) providing the negative w coordinates for these flavor D4-branes. 

Now the full one loop potential containing <l>2ri) "^'271'' t>y combining the superpotential and 
the vacuum expectation values for the fields, takes the form 

V = \h^2nV'y2g'^ + hg^y2'^'^2n? + I - h^^Un + /iV<^'^2nP + 6| /i V 1^ '^2n$2n 

+ \yi9 + 9y2 + hgip'^2nv'y2 + h'ip^2n'vyi9 + gyi + y2g + hLp'^2n^'y2g + h'gip^2n'vyi? 
+ \s2yl + g^ + hg^ip'^2nv'? + \siyl + g^ + /i'(/V$2„¥'|' + ■ ■ • 

where h = ^^^^^^r^Nc and b' = ^^^^^r^N'^ [III33] and we did not write down the irrelevant terms 
which do not depend on $2n and $2n' explicitly. Differentiating this potential with respect to 
$2n and $'2n' and putting Lp'g = = g^p' and Lpg = Q = gtp, one obtains 

h^2n ^ ^ln®0-3 Or M2„ ~ ^c- 1„ O CT3 , 

b N, 

h'^'^n' ^ Trln'®^'^2 or M2„, ~ (g) za2 

b' N' 

corresponding to the w coordinates of 2n curved flavor D4-branes between the D6_6i-branes 
and the A^S'5'j^-brane and the w coordinates of 2n' curved flavor D4-branes between the DQ_gr- 
branes and the A^S'5'j^-brane respectively. 

One can also consider the fluctuations on the other meson fields $1 and (13. 9p in addition 
to the above fluctuations. Since the superpotential (13. 7p does not contain the quadratic 
terms for these meson fields, the stable points arise as zero values of w corresponding to 
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supersymmetric vacua. That is, as 2ni or 2n[ D4-branes approach to the A^S'Si-brane, they 
reconnect with the same number of color D4-branes respectively and those each combined D4- 
branes will be connected between D6_6)-branes(-D6_e'-branes) and the A^iSSi-brane directly. 

3.3 Higher order superpotential for adjoints 

When we consider higher order superpotential whose degree is greater than three(i.e., the 
number of NS5-branes or NS5'-branes k > 2), there exist more meson fields. In general, it 
is not known how the deformations for the meson fields QX{Q or Q'X2Q' where j > 2 arise 
geometrically in the type IIA brane configuration, as in previous section. Therefore, it is not 
clear how to add these deformations in an electric theory or a magnetic theory. Recall that 
the perturbations by QXiQ and Q'X2Q' when j = 1 in the superpotential were realized by 
the relative rotations of D6_e(-D6_e')"t"ranes in (tw, f )-plane. 

4 SU{Nc) X SU{N'^) X SU{N'^') with Nf-, iV}-, and iV}'-fund., 
and bifund. 

4.1 Electric theory 

The type IIA supersymmetric electric brane configuration |15l [22] corresponding to A/" = 1 
SU (Ac) X SU{N'^) X SU{N'J) gauge theory with Aj-fundamental flavors Q, Q, Aj-fundamental 
flavors Q', Q', A"-fundamental flavors Q", Q", bifundamentals F, F and G, G can be described 
as two NS5-branes, two NS5'-branes, A^-, A^- and A^'-D4-branes, and Aj-, N'j- and N'j- 
D6-branes. The F is in the representation (Nc,N^,l) and the F is in the representation 
(Nc, N'p, 1) while the G is in the representation (1, N^, N^') and the G is in the representation 
(1, N^, N'j,'), under the gauge group. The quarks Q and Q are in the representation (Nc, 1, 1) 
and (Nc,l,l) respectively, the quarks Q' and Q' are in the representation (1,N(,,1) and 
(1,N^,1) respectively, and the quarks Q" and Q" are in the representation (1,1, N^') and 
(1,1, N^') respectively, under the gauge group. 

The mass terms for each fundamental quarks can be added by displacing each D6-branes 
along V direction leading to their coordinates v = +VD6.ei~^'^D6_g,)[+VD6^g„] respectively while 
the quartic terms for each fundamental quarks can be added also by rotating each D6-branes 
by an angle —9{—9')[—6"] in {w,v)-p\ane respectively. Then, the general superpotential by 
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adding the above deformations is given by 



Cv ■ — ' - — ' 

A tr(FF)' + (32 ii{FFGG) + /^g ii{GGY + - ii{QQf -mtiQQ 



+ jtiiQ'Q'Y - m' ti Q'Q' + Ytr(g'V')' - m" ti Q"Q" (4.1) 

where the extra parameters are similarly described as the following geometric quantities 

, tan^" ^D6_„„ 
a = — — — , m = 



A" ' 27r£2 ■ 

The first three terms of (14.11) . in general, are due to the rotation angles ui and 003 of the 
first and third NS-brane with respect to the second NS-brane and the rotation angles uj2 and 
UJ4 of the second and fourth NS-brane with respect to the third NS-brane. We consider the 
limit where u>i = U3 = ^ = U2 = uj^ and /3j(i = 1,2,3) will vanish. Although the relative 
displacement of each two color D4-branes can be added in the superpotential, we focus on 
the particular limit mp = = mc- 

Then the M = 1 supersymmetric electric brane configuration for the superpotential (14.11) 
in type IIA string theory is given as follows and let us draw this brane structure in Figure 4 
explicitly: 

• Two NS5-branes in (012345) directions 

• Two NS5'-branes in (012389) directions 

• Nf D6_6i-branes in (01237) directions and two other directions in (t;, i(;)-plane 

• N'j DG-g'-branes in (01237) directions and two other directions in (v, iy)-plane 

• N'l D6_6»"-branes in (01237) directions and two other directions in (t), ty) -plane 

• Nc-., N^- and A^"-color D4-branes in (01236) directions 

4.2 Magnetic theory 



The A^S'S^-brane starts out with linking number l^, = ^ — N" from Figure 4 and after duality 



this NSb'j^-hrane ends up with linking number 1^, = —^ + Nc — Nj — Nj from Figure 5. 
We consider only the particular brane motion where Nf i56_6i-branes meet the A^iSS^-brane 
and the NSbR-hiane with no angles. That is, the D6_e-branes become D6-branes when they 
meet with the NSb'^^-hrane instantaneously and then after that they come back to the original 
-D6_0-branes. Moreover, these D6_6)-branes become D6_z-branes when they meet with the 
AS'Sij-brane instantaneously and then after that they come back to the original D6_e-branes. 
Therefore, in this dual process, there is no creation of D4-branes. Of course, the D6_e-branes 
meet the A^iSS'^-brane with an angle. Similarly, the N'j- D6_6»'-branes meet the A^iSS'^-brane 
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(8,9) 



Figure 4: The M = 1 supersymmetric electric brane configuration for tlie gauge 
group SU{N^) x^SU{N'^) x SU{N'J) witli bifundamentals F,F,G,G, and fundamentals 
Q,Q,Q',Q',Q",Q". A rotation of Nf{N'j-)[Nj] D6-branes in {w,v)-p\ane corresponds 

to a quartic term for the fundamentals Q,Q{Q',Q')[Q" ,Q"] while a displacement of 
Nf[N'j:)[N'J] D6-branes in +v direction corresponds to a mass term for the fundamentals 

Q,Q{Q',Q')[Q",Q"]. Let us take VDe_, < vd6^,, < vdq_,„ and 6 < 9' < 9". 



with no angles and the A^" DG^grr-hranes meet the AS'5'^-brane and the AS'Si^-brane with no 
angles. Then the dual color number Nc is given by Nc = Nf + Nj + N'j — N'^. 

The A^S'Sij-brane starts out with linking number 1^ = N" — and after duality this 
AS'5/j-brane ends up with linking number Im = N'^ — Nc- As we observed above, we consider 
only the particular brane motion where all the D6_6».-6»',-0"-branes become D6_|-branes when 
they meet with the A^iSS/j-brane instantaneously and after that they come back to the original 
-D6_6»,-e',-6»"-branes. Therefore, in this dual process, there is no creation of D4-branes. Then 
it turns out that the dual color number A^ is given by N'^ = Nf + Nj + N'j — N'^. 

(N' +N'f') 

The AS'Si-brane starts out with linking number 1^ = Nc \ and after duality 

this A^iSS^-brane ends up with linking number 1^ = —N'J + Nf H \ ■ we observed 

above, we consider only the particular brane motion where all the D6_0' _6i//-branes meet 
the NSbi-hrane with angles. Then it turns out that the dual color number A^' is given by 
N'J = Nf + N'j + N'j - Nc. 

Then one obtains the folllowing dual color numbers 

N^ = Nf + N'j + N'l - N'J, N'^ = Nf + N'j + N'j - A^, N'J = Nf + N'j + N'J - A,. 

The low energy theory [15] on the three color D4-branes has SU{NJ) x SU{N'J) x 
SU{N'J) gauge group and Aj-fundamental dual quarks q" ,q" , Aj-fundamental dual quarks 
q' ,q' , A^'/-fundamental dual quarks q,q, bifundamentals f,f,g,g and various gauge singlets. 
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The / is in the representation (Nc,N^,l) while the / is in the representation (Nc,N[,,l) 
and the g is in the representation (1, N'^, N^') while the ^ is in the representation (1, N^, N^'), 
under the dual gauge group. The N'j flavors q and g are in the representation (Nc, 1, 1) and 
(Nc, 1, 1) respectively under the gauge group and in the representation (Nj, 1) and (l,Nf) 
respectively under the flavor group SU {N") l x SU {N")ji. Similarly, the Nj flavors q' and q' are 
in the representation (1, N^, 1) and (1, N^, 1) respectively under the gauge group and in the 
representation (Nj, 1) and (l,Nf) respectively under the flavor group SU{N'j-)l x SU{Nj)ji. 
The Nf flavors q" and q" are in the representation (1,1, N^') and (1,1, N^') respectively under 
the gauge group and in the representation (Nf, 1) and (l,Nf) respectively under the flavor 
group SU{Nf)L X SU{Nf)ji. 

In particular, a magnetic meson fleld Mq = QQ is Nf x Nf matrix and comes from 
4-4 strings of Nf flavor D4-branes created when Nf D6_6)-branes meet the A^iSS'jij-brane, a 
magnetic meson fleld Mq = Q'Q' is Nf x Nf matrix and comes from 4-4 strings of Nf flavor 
D4-branes created when Nf D6_e/'-branes meet the A^iSS^-brane and a magnetic meson fleld 
Mq = Q"Q" is Nf X Nf matrix and comes from 4-4 strings of A^^ flavor D4-branes created 
when Nf D6_6»"-branes meet the A^S'S^-brane. 

Then the most general magnetic superpotential, for the case where Nf{Nf)[Nf] DQ_g- 
branes( D6_e'-branes)[D6_6i'/-branes] meet the NS-branes with angles, is given by 

W,uai = [ifff + ffgg+igg)' 

+ tr M^ - mMo) + (^j tr M^' - + ( y tr - m"M^' 

+ [MoriffYq" + M'QlfifJfq' + M'MJ?<i 

+ [M2^'fJq" + M.^'q" + M^^^q'ggq' + M'^^^-^ fjq' + M'Jfc/ + M'^qfjq 

+ M'lqq + Pig'/7/g" + Aqlflq + P2qfgq + Aqjgq + P.q fq 

+ hqjq' + Riq'fffq + Riqjfjq + R:i^fq + Rsq'fq 

where the mesons are given by fi2[ [T5] 



(4.2: 



Mo 



QQ, 



Q'Q' 



Q"Q", M2 = QFFQ, M4 = QiFFfQ, 



M'^^p = Q'FFQ', M!,a = Q'GGQ', M'^ = Q'^FFfQ' , M^ = Q"GGQ", 

M'l = Q"{GGfQ", Pi = QFQ', P, = QFQ', P2 = QFGQ", 

P2 = QFGQ", Pi = QFFFQ', h = QFFFQ', R, = Q'GQ", 

= Q'GQ", i?3 = Q'GGGQ", R^ = Q'GGGQ". 
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The first two lines of (14 ■2p are dual expressions for the electric superpotential (14. ip and the 
corresponding meson fields Mq , Mq , Mq are replaced and the remaining lines of (14.20 are 
the analogs of the cubic term superpotential between the meson and dual quarks in Seiberg 
duality. 

When the Nf D6_6»-branes meet the A^iSS^-brane and A^S'5/j-brane, no creation of D4- 
branes implies that there is no M2- or M4-term in the above superpotential (14.20 . The mesons 
M2 and M4 originate from SU{Nc) chiral mesons QQ when one dualizes the SU{Nc) gauge 
group first by moving the A^S'5'^-brane to the left of the NSbL-hrane. That is, the fluctuations 
of strings stretching between the Nf "flavor" D4-branes provide these meson fields. After the 
additional dual procedures, the cubic terms in the superpotential arise as M2-dependent and 
M4-dependent terms where M2 has extra FF fields and M4 has an extra {FF)'^ fields, besides 
QQ, due to the further dualizations. The M2-term in the superpotential has an extra // 
factor besides q"q". 

When the A^" DG-^/'-branes meet the AS'5'^-brane and NSdR-hrane, no creation of D4- 
branes implies that there is no Mg- or M^'-term in the above superpotential (14. 2p . The mesons 
M2 and M4 originate from SU{N^) chiral mesons Q"Q" when one dualizes the SU{N^) 
gauge group first by moving the AS'5/j-brane to the right of the NS 5' ff-hrane. That is, 
the fluctuations of strings stretching between the N'J "flavor" D4-branes provide these meson 
fields. After the additional dual procedures, the cubic terms in the superpotential arise as - 
dependent and M^'-dependent terms where has extra GG fields and has extra {GG^ 
fields, besides Q"Q" ■, due to the further dualizations. The M2-term in the superpotential has 
an extra // factor besides qq. 

Similarly, when the N'^ D6_6i/-branes meet the A^SS^-brane, the A^SS/j-brane, or NSb'j^- 
brane with no angles, there is no M4 term in the above superpotential (14. 2 p 0. These meson 
fields originate from SU{N^) chiral mesons Q'Q' when one dualizes the SU{N'^) gauge group 
first by interchanging the A^S'S^-brane and the AS'S^-brane each other. The strings stretching 
between the N'^ "flavor" D4-branes provide this meson. After the additional dual procedures, 
the cubic terms in the superpotential arise as ^-term, ^-term and M^-term in (14.21) 
where M2 p has extra FF fields, has extra GG fields, and has extra [FF)"^ fields, 

besides Q'Q', due to the further dualizations. The ^-term in the superpotential has an 
extra gg factor while ^j-term has an extra // factor, besides ^q' . 

^In [15], they introduced the 27Vj. fuU D4-branes without changing the hnking number in order to satisfy 
the correct dual color numbers in the gauge theory side analysis. This has led to the fact that there are 27Vj 
D4-branes connecting the N S^R-hrSine and iVj Z?6_6('-branes, after duality. See Figure 5. In other words, 
these extra 2N'j D4-branes were needed for the existence of meson fields MI2 p and M'^ q. In our construction, 
we do not need these extra 2N'j full D4-branes because we do not want to have these unwanted meson fields 
M'^ p and M!^ q. 
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Furthermore, when the Nf D6_0-branes, the N'^ D6_6i'-branes, the A^S'5'^-brane and the 
A^S'5ij-brane meet each other with no angles, no Pi- and P3- or Pi- and Pj-dependent terms 
occur in the superpotential (14.21) . These mesons originate from SU{N'^) chiral mesons FQ' 
and FQ' when one duahzes the SU {N'^) first by interchanging the A^S'S^-brane and the NSbpi,- 
brane. The strings stretching between the N'jr flavor D4-branes and Nc color D4-branes 
give rise to these N'j SU{Nc) fundamentals and N'jr SU{Nc) antifundamentals. After the 
additional dual procedures, these cubic terms arise as these meson terms where there exist 
extra ffq", ffq", q" and q" in the interactions of Pi, Pi, P3 and P3 in the superpotential and 
the mesons have extra Q, Q, QFF, QFF fields respectively, due to the further dualizations. 

When the N'jr P)6_e'-branes, the N'j D6_6i//-branes, the A^S'5'^-brane and the NSbR-hrane 
meet each other with no angles, no Pi- and P3- or Pi- and P3-dependent terms arise in the 
superpotential (14.21) . These mesons originate from SU{N^) chiral mesons GQ" and GQ" when 
one dualizes the SU{N'J) first by moving the NSbn-hiane to the right of the A^S'5'j:j-brane. 
The strings stretching between the N'j flavor D4-branes and A^^ color D4-branes give rise to 
these N'J SU{N'^) fundamentals and N'j SU{N^) antifundamentals. After the additional dual 
procedures, these cubic terms arise as these meson terms where Pi, Pi, P3 and P3 have extra 
Q', Q', Q'GG, Q'GG fields respectively, due to the further dualizations. 

Finally, when the Nf D6_6»-branes, the Nj P'6_6»"-branes, the A^S'5'^-brane and the NSb^- 
brane meet each other with no angles, no P2- or P2-dependent terms arise in the superpotential 
(14.21) . These mesons originate from SU{Nc) chiral mesons QF and QF when one dualizes the 
SU {Nc) first by moving the A^S'5'j^-brane to the left of the A^S'S^-brane. The strings stretch- 
ing between the Nf flavor D4-branes and A*"^ color D4-branes give rise to these Nf SU{N^) 
fundamentals and Nf SU (N^) antifundamentals. After the additional dual procedures, these 
cubic terms arise as these meson terms where there exist extra gq",gq" in the interactions of 
P2 and P2 in the superpotential and the mesons have extra GQ", GQ" fields respectively, due 
to the further dualizations. 

Then the reduced magnetic superpotential in our case by taking the first three lines of 
(14.21) is given by 



For the supersymmetric vacua, one can compute the F-term equations for this superpo- 



Wdual 




+ M'^q{ffYq + —tTMl 



- m"M' 







7/ 



(4.3) 
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CS.9) 



(4.5) 



(6) 



NS5r 




Figure 5: The A/" = 1 supersymmetric magnetic brane configuration corresponding to Figure 
4 with a sphtting and a reconnection between D4-branes when the gravitational potential 
of the NS5-brane is ignored. The Nf flavor D4-branes connecting between D6_6)-branes and 
A^S'5'j^-brane are splitting into {Nf — /)- and I- D4-branes, the N'^ flavor D4-branes connecting 
between D6_6i'-branes and NSb'^-hiane are splitting into {N^ — /')- and /'- D4-branes, and 
the N'l flavor D4-branes connecting between D6_e"-branes and A^5'5'^-brane are splitting into 
{N'/ - I")- and D4-branes. 

tential (14.31) and the F-terms for Mq, q", q", Mq, q',q', Mq, q,q, f and / are given by 



riflyq" - m + aMo = 0, {Moq"ff)ff = 0, ff{fIq"Mo) = 0, 
^iflfq' -m' + a'M', = 0, {M',lffJ)ff = 0, ffUfq'M',) = 0, 
q{ff?<l - m" + a"K = 0, mqfj)fj= 0, fJUhM'^) = 0, 
f{ffq"Mo)q" + fq"{Morff) + lUN M',)lf 
+Jq\M',^fJ) + fUfqM';)q + Jq{M'^qfJ) = 0, 
{ffq"Mo)rf + q"{Moq"ff)f + UNM',)^f 
+q'{M^q'ff)f + UJqM'^)qf + q\M'^qff)f = 0. 



From this, it is easy to see that the last two equations are satisfied if the second, third, fifth, 
sixth, eighth, and ninth are satisfied: Mog"// = = ■ ■ ■ = ffqMQ. 

The theory has many nonsupersymmetric meta-stable ground states and when we rescale 
the meson fields as Mq = /iA$o, = h'A'^'^ and M^' = h"A"^Q, then the Kahler potential 
for $0) '^'o and $g is canonical and the magnetic quarks are canonical near the origin of field 
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space. Then the magnetic superpotential (14. 3 p can be rewritten as 



mag 



h%g'{ffrq' + ^ tr - /^V' tr $'0 



+ 



h"'^ii" 



where jj,"^ = mA, /i'^ = m'A', /i"^ = m"A" and = aA^ /i'^ = a'A'^ fi'^ = a"A"^. 

Now one sphts the {Nf — /) x (A^j — /) block at the lower right corner of /i$o and q"{f fYq" 
into blocks of size n and {Nf — I — n), one decomposes the (A^^ — /') x (A^j. — /') block at the 
lower right corner of /i'$o and (fiffYq' into blocks of size n' and [N'jr — I' — n') and one splits 
the {Nj — I") X (N'l — I") block at the lower right corner of /i"$o and q{f fYq into blocks of 



size n" and {N'l - /" 



n 



as follows [3J: 



qUffq 



,,— '^N'-l'~n 




(4.4) 



^N'j:-l'-n' 
























N'J-l"- 



Here and ^" are n x (A"^' — /) dimensional matrices, tp' and tp' are n' x (A"^ — /') dimensional 
matrices and (p and if are n" x [Nc~l") dimensional matrices. In the brane configuration shown 
in Figure 6, Lp" and (p" correspond to fundamental strings connecting the n flavor D4-branes 
and (A"" — /) color D4-branes, ip' and ip' correspond to fundamental strings connecting the n' 
flavor D4-branes and {N'^ — l') color D4-branes and Lp and ^ correspond to fundamental strings 
connecting the n" flavor D4-branes and {N^ — I") color D4-branes. The and ip" {yiff' ip" 
are n x n matrices, and ip'{yy)'^Lp' are n' x n' matrices and and ip{yy)'^ip are n" x n" 
matrices. 



The supersymmetric ground state corresponds to 



In, P^"yy = = yyp^", h'^'^, 



^ln'-,Lp'yy = = yyLp' and /i"$''„ = Krln",^yy = = yytp. The / of the Nf-Havoi D4- 
branes are reconnected with /-color D4-branes and the resulting I D4-branes stretch from the 
D6_6»-branes to the A^S'S^-brane directly and the intersection point between the / D4-branes 
and the D6_e)-branes is given by {v,w) = (+fD6_e5 0). This corresponds to exactly the Vs 
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eigenvalues from zeros of /i$o in (I4.4p . Now the remaining [Nf — /)-flavor D4-branes between 
the D6_6i-branes and the A^S'5'j^-brane correspond to the eigenvalues of /i$o in fl4.4p . i.e., 

2 

^ItVj-;- The intersection point between the {Nf — I) D4-branes and the A^S'5'^-branes is 
given by {v, w) = (0, +Vr)e_g cot 9) from trigonometric geometry. 

Similarly, the /' of the A^^-fiavor D4-branes are reconnected with /'-color D4-branes and 
the resulting /' D4-branes stretch from the D6_6i/-branes to the NSbji-hiane directly and 
the intersection point between the /' D4-branes and the Z}6_6»'-branes is given by {v, w) = 
(+^^D6_(,/ 5 0). This corresponds to exactly the /"s eigenvalues from zeros of /i'$o in (14. 4p . 
Now the remaining [Nf — /')-fiavor D4-branes between the D6_6i'-branes and the NS5'j^-hTa.ne 
correspond to the eigenvalues of h'^Q in ( 14. 4p . i.e., ^l^'^i'. The intersection point between 
the {N'j — V) D4-branes and the A^S'S^-branes is given by {v,w) = {0, +VDQ_g, cot 6') from 
trigonometric geometry. 

The /" of the A^j-fiavor D4-branes are reconnected with /"-color D4-branes and the resulting 
/" D4-branes stretch from the D6_6i'/-branes to the A^S'S^-brane directly and the intersection 
point between the /" D4-branes and the D6_e"-branes is given by {v,w) = {+vdq_^„ ,0). This 
corresponds to exactly the /'"s eigenvalues from zeros of h"^Q in (14.41) . Now the remaining 
{N'l — /")-fiavor D4-branes between the D6_6»"-branes and the A^5'5'^-brane correspond to the 
eigenvalues of /i"$q in (14.41) . i.e., ^lAry_;//. The intersection point between the {N'^ — I") 
D4-branes and the A^S'5'j:j-branes is given by {v,w) = {0,+VD6_g„ cot 9") from trigonometric 
geometry. 

Now the full one loop potential containing $„, $"„, and $"1^/; with //^ << 

/i << Am, ii'^ << /i' << and fi'^ << fi" << A^, by combining the superpotential and the 
vacuum expectation values for the fields, takes the form 

+ \h'^'^,^'yy\' + \h'yWK'? + \h'v'{yy)'v - /^V'ln' + /^'V;<^>;f 

+ \h"K"Vyy? + \h"ywK"? + \h"v{yy)'v - + ^'^hK"? 

+ h\h^^\^ tr <l>t + tr $'1,$;, + tr 

where h = ^^^^^^^ Nc, b' = ^^^^^^^ N'^ and b" = ^^^^^^^ N". Differentiating this potential with 
respect to $'1^, and $"|^// and putting ^p"yy = = yy^p", '^'yy = = yy^p' and ipyy = = 
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yy</9, one obtains 



b ' 



6" 



or 



or 



or 



/3 



corresponding to the w coordinates of n curved flavor D4-branes between the D6_6i-branes 
and the iViSS'j^-brane, the w coordinates of n' curved flavor D4-branes between the D6-g/- 
branes and the A^S'S'jij-brane, the w coordinates of n" curved flavor D4-branes between the 



1/2 



D6_e"-branes and the A^S'5'^-brane respectively. Since if<<7^, 7;f<<^ and -gr « ^ 
the n-, n'- and n"- curved D4-branes are nearer to w 
A^S'Sij-brane is located. 



at which the A^S'S^-brane or the 



Ni' D6-, 




Figure 6: The nonsupersymmetric meta-stable magnetic brane conflguration corresponding 
to Figure 4 with a misalignment between D4-branes when the gravitational potential of the 
NS5-brane is considered. The [Nf — l) flavor D4-branes in Figure 5 connecting between D6-e- 
branes and A^S'S'^^-brane are further splitting into [Nf — I — n)- and n- D4-branes, the {N'jr — I') 
flavor D4-branes connecting between D6_6i/-branes and A^S'5'j:j-brane are further splitting into 
[Nj — I' — n')- and n'- D4-branes, and the {N'j — I") flavor D4-branes connecting between 
-D6_e"-branes and A^S'5'j:j-brane are further splitting into (A^^ — /" — n")- and n"- D4-branes. 
The shape of n "curved" D4-branes is more clear when the D6_0-branes are moved into the 
left hand side of A^S'S^-brane, as in [TT]. 
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4.3 Addition of adjoint fields 

When we consider higher order superpotential for the adjoint fields whose degree is greater 
than four (i.e., the number of NS5-branes or NS5'-branes A; > 3), there exist more meson fields. 
For odd A;, the chiral ring truncates [12]. In general, it is not known how the deformations 
for the meson fields QXlQjQX^Q or Q"XlQ" arise geometrically in the type IIA brane 
configuration. Therefore, it is not clear how to add these deformations in an electric theory 
or a magnetic theory. 

5 Sp{Nc) X S0{2N'^) X Sp{N'J) with 2iV/-fund., 2iV}- vectors, 
2A^j-fund., and bifund. 

Let us add the 04-plane to the brane configuration of previous section. 
5.1 Electric theory 

The type IIA supersymmetric electric brane configuration [311 [2^ corresponding to A/" = 1 
Sp{Nc) X SO{2N2) X Sp{N^) gauge theory with 2A^/-fundamental fields Q, 2Ar}-vectors Q', 
2A^j-'-fundamental fields Q", bifundamentals F and G can be described as two NS5-branes, 
two NS5'-branes, 2Nc-, 2N'^- and 2A'^'-D4-branes, 2A^/-, 2A}- and 2A}'-D6-branes and an 
orientifold 4-plane. The F is in the representation (2Nc, 2N^, 1) while the G is in the rep- 
resentation (1, 2N^, 2N^'), under the gauge group. The quarks Q are in the representation 
(2Nc, 1, 1), the quarks Q' are in the representation (1,2N^,1), the quarks Q" are in the 
representation (1,1, 2N^'), under the gauge group. 

The mass terms for each quarks can be added by displacing each D6-branes along v 
direction leading to their coordinates v = ±VD6_g{ivD6_g,)[^VD6_g„] respectively while the 
quartic terms for each quarks can be added also by rotating each D6-branes by an angle 
—6{—9')[—6"] in (tf, f )-plane respectively. Then, the general superpotential by adding the 
above deformations is given by 

W,i,, = [/?itrF^ + /?2tr(F2G'2)+/33trG'^] +|tr(QQ)2-mtrQQ 

+ ^triQ'Q')' -m'tiQ'Q' + ^tT{Q"Q"f -m"trQ"Q". (5.1) 

We consider the limit where ui = = ^ = 002 = uj4 and = 1, 2, 3) will vanish. Although 
the relative displacement of each two color D4-branes can be added in the superpotential, we 
focus on the particular limit mp = = niG- The mass matrix m is antisymmetric, the mass 
matrix m' is symmetric and the mass matrix m" is antisymmetric. 
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Then the A/" = 1 supersymmetric electric brane configuration for the superpotential (15.11) 
in type IIA string theory is given as follows: 

• Two NS5-branes in (012345) directions 

• Two NS5'-branes in (012389) directions 

• 2Nf D6_6»-branes in (01237) directions and two other directions in (f , u')-plane 

• 2N'j D6_0'-branes in (01237) directions and two other directions in (f , zi;)-plane 

• 2N'j D6_6i//-branes in (01237) directions and two other directions in (f , t/;)-plane 

• 2iVe-, 2A^^- and 2A^^'-color D4-branes in (01236) directions 

• 04^-planes in (01236) directions 

The corresponding brane configuration can be obtained from the previous section by con- 
sidering the correct mirrors based on the 04-plane action. 

5.2 Magnetic theory 

It is straightforward to compute the dual color numbers by considering the D4-brane charge 
of an orientifold 4-plane. 

The iVS'5^-brane starts out with linking number 1^ = — 2N'J — 2 and after duality 
this A^S'5'^-brane ends up with linking number = + 2iVc - 2N'j - 2N'^ + 2. We 

consider only the particular brane motion where Nf Z}6_6i-branes meet the iVS'5^-brane and 
the A^S'5/j-brane with no angles(and their mirrors). That is, the D6_6i-branes become D6- 
branes when they meet with the iViS'5^-brane instantaneously and then after that they come 
back to the original D6_6)-branes. Moreover, these DG-e-hianes become D6_|-branes when 
they meet with the A^S'5/j-brane instantaneously and then after that they come back to the 
original D6_6i-branes. Therefore, in this dual process, there is no creation of D4-branes. 
Of course, the D6_6»-branes meet the A^S'5'^-brane with an angle. Similarly, the A^^ D6-e'- 
branes meet the A^>S'5^-brane with no angles and the A^" Z}6_6i//-branes meet the NS5']^- 
brane and the A^5'5ij-brane with no angles. Then the dual color number 2A'c is given by 
2Nc = 2Nf + 2N'f + 2N'I - 2N^ - 4. 

The A^iS'5i(;-brane starts out with linking number le = 2N'^ — 2A'^ + 2 and after duality this 
A^S'5/j-brane ends up with linking number = 2A^ — 2A'c ~ 2. As we observed above, we 
consider only the particular brane motion where all the D6_6i _6i/^_0"-branes become D6_|- 
branes when they meet with the A^iS'5ij-brane instantaneously and after that they come back 
to the original DQ_q_qi ^Qn-hianes. Therefore, in this dual process, there is no creation of 
D4-branes. Then it turns out that the dual color number 2A'^ is given by 2 A^ = 2Nf + 2N'j + 
2A^}' - 2A'^ + 4. 

(27V' +2N") 

The A^S'5L-brane starts out with linking number 1^ = 2Nc ^ — — + 2 and after duality 
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~ (2A''' +2A''") 

this A^6'5L-brane ends up with hnking number Im = —'^N'J + 2Nf H ^ — ^ 2. As we 

observed above, we consider only the particular brane motion where all the D6_e',_6)"-branes 
meet the A^S'S^-brane with angles. Then it turns out that the dual color number 2N'J is given 
by 2N'J = 27V/ + 2N'f + 2N'J - 2Nc - 4. Then one obtains the folUowing dual color numbers 

2Nc = 2Nf + 2N'j + 2N'I - 2N'^ - A, 
2N'^ = 2Nf + 2N'f + 2N'l -2N'^ + A, 
2N'J = 2Nf + 2N'f + 2N'J - 2Nc - A. 

The low energy theory on the three color D4-branes has Sp{Nc) x SO{2N'^ x Sp{N'J) gauge 
group and 2A/-fundamental dual quarks q", 2A/-vectors dual quarks q', 2Ay-fundamental 
dual quarks q, bifundamentals /, g and various gauge singlets. The / is in the representation 
(2Nc, 2N^, 1) while the g is in the representation (1, 2N^, 2N'p'), under the dual gauge group. 
The 2A^/ flavors q are in the representation (2Nc, 1, 1), the 2A^/ flavors q' are in the repre- 
sentation (1, 2N'p, 1), and the 2Nf flavors q" are in the representation (1, 1, 2N^'), under the 
gauge group. In particular, a magnetic meson field Mq = QQ is 2Nf x 2Nf matrix and comes 
from 4-4 strings of 2A^/ flavor D4-branes(when 2A^/ D6_6/-branes meet the A^S'5'^-brane) , a 
magnetic meson field Mq = Q'Q' is 27V/ x 2A^/ matrix and comes from 4-4 strings of 2A^/ 
fiavor D4-branes(when 27V/ D6_5i/-branes meet the A/'S'S^,- brane) and a magnetic meson field 
Mq = Q"Q" is 2A/ X 2N'J matrix and comes from 4-4 strings of 2N'J fiavor D4-branes(when 
2 A/ D6_6)"-branes meet the A^S'Sl- brane). 

Then the most general magnetic superpotential, for the case where 2A^/(2A^/)[2A/] -D6_6t- 
branes(D6_5i/-branes)[D6_5t-branes] meet the NS-branes with angles, is given by 

+ (I tr - mMo) + (^^ tr M^' - m'M^^ + tr M^'' - m"M^'^ 

+ [Moq"fW' + M'.q'f'q' + M'^qf'q] 

+ [M^q"fc^' + M,(^'q" + M'^^p(^g^(^ + M'^^^cifc^ + M^g'g' + M'^qfq 
+ M'lqq + Pig'/'?" + Ag/^?" + ^ag'/?" + ^1^7'^ + ^3^7?] (5-2) 
where the mesons are given by 

Mo = QQ, M'q = Q'Q', M'^ = Q"Q", M2 = QF^Q, Mi = QF^Q, 

M^_p = Q'F^Q', M^^G = Q'G^Q', M'^ = Q'F^Q', M^ = Q"G^Q", 

M'l = Q"G^Q", P, = QFQ', P2 = QFGQ", P^ = QF^Q', 

Ri = Q'GQ", R3 = Q'G^Q". 
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The first two lines of fl5.2p are dual expressions for the electric superpotential (15. ip and the 
corresponding meson fields Mq , Mq , Mq are replaced and the remaining lines of (15.20 are 
the analogs of the cubic term superpotential between the meson and dual quarks in Seiberg 
duality. 

When the Nf D6_6»-branes meet the A^iS'5^-brane and A^iS'5i(;-brane, no creation of D4- 
branes implies that there is no M2- or M4-term in the above superpotential (I5.2p (and their 
mirrors). The mesons M2 and M4 originate from Sp{Nc) chiral mesons QQ when one dualizes 
the Sp{Nc) gauge group first by moving the A^S'5'^-brane to the left of the A^S'5L-brane. That 
is, the fluctuations of strings stretching between the 2Nf "flavor" D4-branes provide these 
meson fields. After the additional dual procedures, the cubic terms in the superpotential arise 
as M2-dependent and M4-dependent terms where M2 has extra fields and M4 has extra 
F"^ fields, besides QQ, due to the further dualizations. The M2-term in the superpotential 
has an extra factor besides q"q". 

When the A^" DG^grr-hranes meet the A^S'5'^-brane and A^5'5ij-brane, no creation of D4- 
branes implies that there is no Mg- or Af^'-term in the above superpotential (I5.2p (and their 
mirrors). The mesons and originate from Sp{N'^') chiral mesons Q"Q" when one 
dualizes the Sp{N'J) gauge group first by moving the A^S'5j^-brane to the right of the NSb'^f- 
brane. That is, the fluctuations of strings stretching between the 2N'j "flavor" D4-branes 
provide these meson fields. After the additional dual procedures, the cubic terms in the 
superpotential arise as -dependent and M4 -dependent terms where has extra fields 
and M4 has extra fields, besides Q"Q", due to the further dualizations. The Mg-term in 
the superpotential has an extra factor besides qq. 

Similarly, when the N'jr D6_e'-branes meet the A^S'5'j^-brane, the A^S'5ij-brane, or NS5'j^- 
brane with no angles, there is no M4 term in the above superpotential (15. 2p (and their mirrors) 
B These meson fields originate from S0{2N^) chiral mesons Q'Q' when one dualizes the 
SO{N'J gauge group first by interchanging the A^5'5'^-brane and the A^5'5i?-brane each other. 
The strings stretching between the 2A^j- "flavor" D4-branes provide this meson. After the 
additional dual procedures, the cubic terms in the superpotential arise as ^j^-term, q- 
term and M^-term in (15. 2p where M2 p has extra F'^ fields, M2 q has extra fields, and 
M4 has extra F^ fields, besides Q'Q' ■, due to the further dualizations. The M'2 ^-term in the 
superpotential has extra factor while M'2 Q-teim. has extra p dependent factor, besides 

^In general, 4A^j- full D4-branes without changing the linking number should be added in order to satisfy 
the correct dual color numbers in the gauge theory side analysis. This has led to the fact that there are AN'^ 
D4-branes connecting the A^S'5_R-brane and N'^ DG-e'-branes, after duality. In other words, these extra AN'^ 
D4-branes were needed for the existence of meson fields MI2 p and M2 q. In our construction, we do not need 
these extra AN'^ full D4-branes because we do not want to have these unwanted meson fields p and M2 q. 
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Furthermore, when the Nf D6_6)-branes, the N'j- DG^g'-branes, the A^S'5'j^-brane and the 
NSbji-hrane meet each other with no angles, no Pi- and Ps-dependent terms arise in the 
superpotential fl5.2l) . These mesons originate from S0{2N^) chiral mesons FQ' when one 
duahzes the S0{2N^) first by interchanging the A^5'5^-brane the NSbR-hrane. The strings 
stretching between the 2N'j- flavor D4-branes and 2Nc color D4-branes give rise to these 
2N'jr Sp{Nc) fundamentals. After the additional dual procedures, these cubic terms arise as 
these meson terms where there exist extra f^q" and q" of interactions in Pi and P3 in the 
superpotential and these mesons have extra Q, QF^ fields respectively, due to the further 
dualizations. 

When the A^j- DG-^'-branes, the N'J D6_6i"-branes, the AS'5'^-brane and the NSbn-hrsine 
meet each other with no angles, no Pi- and Pa-dependent terms arise in the superpotential 
(15.21) . These mesons originate from Sp{N") chiral mesons GQ" when one dualizes the Sp{N'J) 
first by moving the A^iSSj^-brane to the right of the A^iSS^-brane. The strings stretching 
between the 2N1 flavor D4-branes and 2A'"^ color D4-branes give rise to these 2N'^ S0{2N'^) 
vectors. After the additional dual procedures, these cubic terms arise as these meson terms 
where Pi and P3 have extra Q', Q'G^ fields respectively, due to the further dualizations. 

Finally, when the Nf D6_e-branes, the N'j D6_6»"-branes, the AS'5'^-brane and the NSbn- 
brane meet each other with no angles, no P2-dependent term occurs in the superpotential (15. 2p . 
These mesons originate from Sp{Nc) chiral mesons QF when one dualizes the Sp{Nc) first by 
moving the AS'5'j^-brane to the left of the AS'S^-brane. The strings stretching between the 
2Nf flavor D4-branes and 2A^ color D4-branes give rise to these 2Nf S0{2N'^) vectors. After 
the additional dual procedures, these cubic terms arise as these meson terms where there exist 
extra gq" in the P2 interaction term and this meson has extra GQ" fields respectively, due to 
the further dualizations. 

Then the reduced magnetic superpotential in our case by taking the first three lines of 
fl5.2p is given by 



dual 



a 



Moq"fW' + ^trM^ 



niMn 



+ 



a 



M',q'f\' + -iiM', 



+ 



M'^qf\ + —tiM'^'-m"M'^ 



(5.3) 



For the supersymmetric vacua, one can compute the F-term equations for this superpo- 
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tential (15.31) and the F-terms for Mq, g", Mg, q' , Mq , q and / are given by 



q"Pq" - m + oMq 
q'f\' -m + a'M^ 



0, 
0, 



qfq - m" + a" M'^ = 



{Moq"nf + f{fq"M,) = 0, 
(M^gr)f + = 0, 

-w, (M^V')/' + /'(AK)=o, 

f{fq"Mo)q" + fq"{Moq"f) + f{fq'M'^q' + fq'{Ml,q'f) + f{fqM'^)q 
+fq{M'^qf) + ifQ"Mo)q"f + q"{Moq"f)f + {fq'M[,)q'f + c^{M',q'f)f 
+ {fqMi;)qf + q'{M^qf)f = 0. 



From this, it is easy to see that the last equation is satisfied if the second, fourth and sixth 
are satisfiediMo//^ = = ■ ■ • = pqM[;. 

The theory has many nonsupersymmetric meta-stable ground states and when we rescale 
the meson fields as Mq = /iA$o, = h'A'^'^ and M^' = /i"A"$^', then the Kahler potential 
for $0) '^'o and $g is canonical and the magnetic quarks are canonical near the origin of field 
space. Then the magnetic superpotential ( 15. 3p can be rewritten as 



W, 



mag 



h%q"fW' + 



tr $Q - /i^^tr $0 



+ 



h'%q'f'q' + 



^tr$[,'-/iV'tr<l>[, 



h"^'^qfq + 



where //^ = mA, /^'^ = m'A', /i"^ = m"A" and = aA^, ^'^ = a'A'^ ^'^ = a"A"^ 

Now one splits the 2{Nf — l)x 2{Nf — I) block at the lower right corner of h^Q and q"f'^q" 
into blocks of size 2n and 2{Nf — I — n), one decomposes the 2(A^j — /') x 2{Nj^ — I') block at 
the lower right corner of /i'$o and q'f^q' into blocks of size 2n' and 2{N'j- — I' — n') and one 
sphts the 2{N'I — I") x 2(iVj — /") block at the lower right corner of h"^Q and qf^q into blocks 
of size 2n" and 2(A^}' - /" - n") as follows: 
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2(Afy-Z"-n") 



(5.4) 
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Here 99" is 2nx2{N" ~l) dimensional matrices, is 2n' x2{N'^ — l') dimensional matrices and cp 
is 2n" x2{Nc—l") dimensional matrices. The tp" corresponds to fundamental strings connecting 
the 2n flavor D4-branes and 2{N^ — I) color D4-branes, Lp' corresponds to fundamental strings 
connecting the 2n' flavor D4-branes and 2{N'^ — I') color D4-branes and if corresponds to 
fundamental strings connecting the 2n" flavor D4-branes and 2{Nc — l") color D4-branes. The 
$2n and ip"y'^'p" are 2n x 2n matrices, $2n' ^^'^ '^'v^'-P' are 2n' x 2n' matrices and $2n" ^^"^ 
(py^ip are 2n" x 2n" matrices. 

2 

The supersymmetric ground state corresponds to h^2n = —In ® ^^2^^^'])^ = = ip'^)'^ ^ 

h'%n' = ir'^w ® (T3,<^'?/^ = = and h"%^„ = ^\n" ® 1(^2,^"^ = = yV- The / of 
the upper A'^y-flavor D4-branes are reconnected with /-color D4-branes and the resulting / D4- 
branes stretch from the upper D6_0-branes to the A^S'S^-brane directly and the intersection 
point between the / D4-branes and the D6_e-branes is given by {v,w) = {+VD6_g,0). The 
mirrors are located at {v,w) = {—VD6_g,0). This corresponds to exactly the 2/'s eigenvalues 
from zeros of h^o in (15. 4p . Now the remaining upper [Nf — /)-flavor D4-branes between the 
upper D6_0-branes and the A^5'5^-brane correspond to the eigenvalues of /i$o in (15. 4p . i.e., 

2 

jj^lNf-i- The intersection point between the upper (Nj — I) D4-branes and the A^S'5'^-branes 
is given by {v,w) = (0, +vd6_9 cot 6*) from trigonometric geometry. The mirrors are located 
at {v, w) = (0, —Vr)6-e 

Similarly, the I' of the upper A^j-flavor D4-branes are reconnected with /'-color D4-branes 
and the resulting /' D4-branes stretch from the upper D6_6»'-branes to the NS5R-hiane directly 
and the intersection point between the /' D4-branes and the upper D6_e/-branes is given by 
{v,w) = (+fD6_e/)0). The mirrors are located at {v,w) = {—VD6_g,,0)- This corresponds to 
exactly the 2/"s eigenvalues from zeros of h'^Q in (15. 4p . Now the remaining upper {Nj — /')- 
flavor D4-branes between the upper D6_6i'-branes and the A^>S5'j:j-brane correspond to the 

,2 

eigenvalues of /i'$q in (15. 4p . i.e., ^Iat^.//. The intersection point between the upper (A^^ — /') 
D4-branes and the A^5'5^-branes is given by {v,w) = {0, +VD6_g, cot 9') from trigonometric 
geometry. The mirrors are located at {v,w) = (0, — fD6_g/ cot 6''). 

The /" of the upper A^J-flavor D4-branes are reconnected with /"-color D4-branes and 
the resulting /" D4-branes stretch from the upper D6_6i'/-branes to the A^S'5/j-brane directly 
and the intersection point between the /" D4-branes and the upper D6_6//'-branes is given by 
{v,w) = {+V£)Q_^„ ,0). The mirrors are located at {v,w) = {—VD6_g„,0)- This corresponds to 
exactly the 2/'"s eigenvalues from zeros of /i"$Q in (15.40 . Now the remaining upper {N'J — /")- 
flavor D4-branes between the upper D6_6)/'-branes and the A^S'5'^-brane correspond to the 

//2 

eigenvalues of /i"$Q in (15. 4p . i.e., The intersection point between the upper [N't—l") 

D4-branes and the A^S'5'j:j-branes is given by {v,w) = {0, +vr)6_g„ cot 6") from trigonometric 
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geometry. The mirrors are located at {v,w) = (0, —V£)q_^„ cot 9"). 

Now the full one loop potential containing $2ni ^2n'^ *^2n"' by combining the superpotential 
and the vacuum expectation values for the fields, takes the form 

V = |/lW'?/T + lW'*2n|'+|V?/V- Vl2n + /i%$2„r 

+ m'LWl' + \h"y'v^n"\' + \h"^y'^ - /iV'"i2„" + 

where b = ^^^^^^^ Nc, b' = ^^^^^N'^ and b" = ^^^^N". Differentiating this potential with 
respect to $2n, $'2n' and $"2n" and putting ip"y'^ = = y'^'p", ^'y^ = = y^Lp' and ^y^ = = 
one obtains 

/i$2n - — l„®^c^2 or Af2„ ~ ^c-l„ (g) «o-2, 

^'^2n' - -rfln'^fTa or M^„, ~ ^-^U, (g) ag, 
v!' a" K"^ 

h"^2n" - -T^'i-n" ® i(T2 Or M^'„„ ~ ® i(72, 

C 

corresponding to the w coordinates of 2n curved flavor D4-branes between the £)6_g-branes 
and the TVS'S'^-brane, the w coordinates of 2n' curved flavor D4-branes between the D6-0>- 
branes and the ATS'S'^-brane, the w coordinates of 2n" curved flavor D4-branes between the 
Z)6_6t//-branes and the 7V5'5'^-brane respectively. 

5.3 Addition of adjoint fields 

When we consider higher order superpotential for the adjoint fields whose degree is greater 
than four (i.e., the number of NS5-branes or NS5'-brancs A; > 3), there exist more meson 
fields. Since it is not known how the deformations for the meson fields QXlQ^QX^Q or 
Q"XlQ" arise geometrically in the type II A branc configuration, it is not clear how to add 
these deformations in an electric theory or a magnetic theory. 

5.4 S0{2Nc) X Sp{N[) x S0{2Nl!) with 2iV/-vectors, 2iV}-fund., 2N'j- 
vectors, and bifund. 

In this case, compared to the previous case, the charge of orientifold 4-plane is reversed. Cor- 
respondingly, the orthogonal (symplectic) gauge group is changed into symplectic (orthogonal) 
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gauge group. The only difference appears in the symmetric and antisymmetric property for 
the meson field and adjoint field. We do not present this here but it can be done by following 
the prescription of previous section. 

6 Conclusions and outlook 

We have found the type IIA nonsupersymmetric meta-stable brane configurations for two 
gauge group theory with fundamentals, bifundamentals and adjoints, three gauge group theory 
with fundamentals and bifundamentals, and their orientifold 4-plane generalizations. It would 
be interesting to discover whether the meta-stable brane configurations exist for the theory 
with no D6-branes [511 E51 ESI EZ| when we take the dual for the whole gauge groups. For the 
three gauge group theory with fundamentals and bifundamentals, it is also possible to take 
the dual only for two gauge groups among three. Then it would be interesting to see how the 
meta-stable brane configurations occur. 
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